Abstract Foxtail millet (Setaria italica) is traditionally cultivated in mainly dry land areas and has nutritional importance. The textural characteristics of gels, formed with foxtail millet flour at different concentrations (9-13 %, dry solid basis) along with selected cations and hydrocolloids, were determined. Different concentrations of monovalent (NaCl) and divalent (CaCl 2 and FeSO 4 ) cations, and hydrocolloids such as gelatin, gellan, starch, xanthan and agar were incorporated in gels. The gel forming ability markedly improved with an increase in the concentrations of CaCl 2 and FeSO 4 , while NaCl had a marginal effect. Gels prepared with 11 % of foxtail millet alone were found to sensorially acceptable while addition of 0.5 % CaCl 2 or 0.2 % FeSO 4 respective with 10 % foxtail millet also resulted in acceptable gels. Among the hydrocolloids, starch and gellan had marked effects on gel formation, and textural and sensory attributes. The principal component analysis (PCA) plot showed that concentration of foxtail millet formed a cluster with sensory hardness, springiness, cohesiveness, and instrumental peak stress, fracture strain and compression energy indicating that these attributes were interrelated to each other. Stickiness and gelling time formed a cluster on the other side of the axis indicating inversely related. Foxtail millet has a good potential for development of new ranges of gelled health benefiting convenience products with nutraceutical property, and the addition of cations helps to achieve acceptable structural integrity.
Introduction
Gel is a substantially diluted system which exhibits no steady state of flow (Renard et al. 2006) . A liquid (or sol) is converted into a solid (or gel) through the process of sol-gel transition. Available food gels are mainly prepared by using a protein or hydrocolloid, possessing different texture, taste and flavour, they are viscoelastic substances with high moisture content. The semi-solid state of these products is the major factor for consumer acceptance and convenience. Factors responsible for gel formation include the type and concentration of hydrocolloid, temperature, pH, presence of cations, and co-solutes such as sugar; the effects of these factors are frequently determined using rheological data. In case of starch gel, the amount and type of amylose and amylopectin present, the interaction between these two components, rate of heating, time and temperature are also related to gel formation (Liu et al. 2006 ). The addition of cations (both monovalent and divalent) is responsible for gelation phenomenon and the quality attributes of the formed gels (Laplante et al. 2005) .
Millet based gels are not available as a commercial product, though millets are rich in dietary fibre, minerals, vitamins and antioxidants. Millet consumption in diet has been claimed to reduce the risk of cancer, cardiovascular disease, tumor, blood
Research highlights 1. A minimum concentration of 11 % foxtail millet (FM) flour was required to obtain a gel 2. Starch and gellan had marked effect on FM gel textural and sensory attributes 3. Gel forming ability of FM markedly improved with increase in concentration of CaCl 2 and FeSO 4 4. Cation addition on FM gel formation closely related with peak stress and syneresis pressure and heart diseases (Truswell 2002) . Among the millets, foxtail millet is an important dry land crop in North China (Sampath et al. 1989) , Italy and India. Processing of millets includes dehulling, soaking and cooking to reduce the antinutrients such as polyphenols and phytates, and thus improves iron and zinc bioavailability (Pawar and Machewad 2006) . Foxtail millet may also be used in the preparation of noodles (lajia noodles) by stretching the dough continuously (Lu et al. 2005) . Popping and malting quality of foxtail millet varieties were conducted by Choudhury et al. (2011) and hydration characteristics by Vasudeva et al. (2010) . However, scope exists to develop and popularize various foxtail millet products as health benefitting foods. The present study thus enables the concept of gel formation using foxtail millet (FM) flour. Gels, being convenient to use and transport, are more preferable to consumers than liquid based food products. Cereal based gels are mainly prepared from hydrocolloids like isolated starches while the use of whole grain is rather rare. Preparation of millet based gels can thus offer a specialty health food. Hence, there is a need to study the process of gel formation using millet flour and the attributes of the gels including sensory acceptance of the product. Further, gels are usually sensitive to the presence of cations and hydrocolloids (Arendt et al. 2008) . It is also desirable to investigate their effects on the attributes of the gels particularly texture and syneresis.
The objective of the present work is to study the gel forming ability and characteristics of the gels formed using foxtail millet flour at different concentrations along with the effect of (a) cations like NaCl, CaCl 2 and FeSO 4 , and (b) hydrocolloids such as gelatin, gellan, starch, xanthan and agar.
Materials and methods

Materials
Foxtail millet (PS4 variety) was procured from a nearby farm of Mysore, Karnataka, India. These grains were dehusked in a laboratory model centrifugal sheller, debranned in a cone polisher and ground to fine flour employing a laboratory model dry grinder (model # M20 IKA-WERKE, Germany) with cooling arrangement by using a water jacket in addition to cooling the raw material to about 4°C prior to grinding. The grinding operation was conducted below 40°C to minimize the chance of gelatinization of starch. The flour thus obtained was passed through a 150 μm aperture British Standard (BS) sieve, and only the fine flour passing through this sieve were used for the study. All solvents/chemicals and hydrocolloids used were of analytical grade, and were obtained from Merck, Mumbai, India. Corn starch was procured from a local supermarket.
Proximate composition and water holding capacity
The proximate composition of foxtail millet (FM) flour was determined following AOAC (2002) methods, was 10.0 % moisture, 10.5 % protein (N × 6.25), 2.1 % fat, 1.1 % ash and 76.3 % carbohydrate (by difference). Water holding capacity (WHC) of flour was determined by following the method of Elhardallou and Walker (1993) . The results for WHC were expressed as g of water absorbed per g of dry flour; it was 1.54±0.12 g/g based on the measurements of triplicate samples.
Gel preparation
Foxtail millet flour dispersions at different concentrations of 9, 10, 11, 12 and 13 % (dry solid basis) were prepared by dispersing the powdery material in deionised water by continuous stirring in a mechanical stirrer for 30 min to avoid the formation of any lump while hydrating the particles. The range of concentration was selected based on the preliminary studies to examine the formation or the setting of a gel. Different cations such as NaCl, CaCl 2 and FeSO 4 , and hydrocolloids such as xanthan, gellan, gelatin, agar and cornstarch were used to prepare gels having different concentrations of FM flour. All these hydrocolloids were hydrated for 30 min at room temperature (about 25°C) with constant stirring as mentioned earlier. Effect of cations on gels was also studied by following the above mentioned procedure. Gels were prepared by heating the flour dispersions in a water bath, maintained at a temperature of 95°C for 45 min (Kapri and Bhattacharya 2008) with constant stirring followed by cooling for 1 min and then transferred to petri plates (35 mm diameter, 10 mm depth). The process of gel formation was repeated twice.
Texture of gel
A texture measuring instrument (Model #TAHD, Stable Microsystems, Surrey, UK) was used to determine the compressive textural attributes of ten gels. The crosshead speed employed was 1 mms -1 while using a 100 mm diameter flat surface compression probe up to 80 % strain. Fracture strain, peak stress and energy for compression were the instrumental textural parameters determined for the developed FM gels by analyzing the force-deformation curves. The maximum force, obtained as the peak force during the compression cycle, was divided by the initial area of the gel to calculate the peak stress. The point of fracture was identified from the compression curve as the position where there was a sudden decrease in force values due to the fracturing of the sample. Fracture strain was thus calculated as the ratio of deformation at fracture and the initial height of the sample, and was expressed as per cent basis. The total area under the positive force-deformation curve was reported as the total compression work or energy for compression, which indicates the quantity of energy required to achieve 80 % strain in the gel.
Syneresis
Syneresis of the gels was determined by employing the method of Verbeken et al. (2006) . Five gel samples were allowed to be formed in centrifuge tubes, and were then refrigerated for 48 h. The tubes were then centrifuged in a laboratory model centrifuge and the water expelled from the samples was drained and noted. The difference in mass obtained compared to initial mass of gel gave syneresis, and was expressed as per cent basis.
Sensory assessment
Sensory assessment was performed using a 9-point hedonic scale. The various sensory attributes determined were the time of gelling (1-most quickly forming, 9-most slowly forming), hardness (1-extremely soft, 9-extremely hard), stickiness (1-least sticky, 9-extremely sticky), cohesiveness (1-least cohesive, 9-extremely cohesive), springiness (1-no springiness, 9-extremely springy) and overall acceptability (1-dislike extremely, 9-like extremely). The overall acceptability of these gels was also reported by the panelists considering their general appearance, extent of setting and textural features. Time taken to form a gel is the gel forming ability (Daubert et al. 1998) or the rate of gel formation. The attributes like stickiness and cohesiveness were expressed according to Kälviäinen et al. (2000) . Ten trained panelists from the Institute performed the sensory evaluation of these gel samples using the method of descriptive sensory analysis. For evaluation, coded gel samples were served on white porcelain dishes. The panelists had the opinion that the minimum stickiness with good integrity (cohesiveness) was the most desirable feature. Sensory assessment of these gel samples was repeated twice.
Experimental design and statistical analysis
Foxtail millet gels were prepared with solid concentrations of 9, 10, 11, 12 and 13 % (w/w). The independent variables for the gel formation were the various concentrations of hydrocolloids such as xanthan (0.1, 0.2 and 0.3 %), gellan (0.1, 0.3 and 0.5 %), gelatin (0.1, 0.3 and 0.5 %), agar (0.010, 0.015 and 0.020 %) and cornstarch (0.5, 1.0 and 1.5 %) (according to GRAS limit) and cations such as NaCl (0.5, 1.0 and 2 %), CaCl 2 (0.1, 0.3 and 0.5 %) and FeSO 4 (0.1, 0.2 and 0.3 %). The experimental design consisted of one variable at-a-time approach. These levels have been selected based on preliminary trials considering the development of a well-set gel. It was observed that FM flour without any hydrocolloid or cation offered a very weak gel when FM concentration was 9 %, while a very hard gel resulted with 13 % FM solid. Hence, the effect of hydrocolloid and cations was judged with FM concentration of 10, 11 and 12 % ( Table 1) . The principal component analysis (PCA) was employed for interrelating data on independent and dependent variables by using the statistical software Statistica'99 (StatSoft, Tulsa, OH, USA).
Results and discussion
Texture
The texture of a product affects the consumer acceptability of a food product. The effect of the concentration of FM solid (without any additive) on three instrumental textural parameters (peak stress, compression energy and fracture strain) is shown in Fig. 1 . An increase in FM concentration shows an increasing trend on these three textural indices. However, the high value of fracture strain (>50 %) is a serious limitation of gels as these samples appear to be too tough and do not fracture easily. Hence, the effect of different additives (hydrocolloids and cations) on different textural parameters and sensory attributes has been investigated. Peak stress indicates the maximum stress that a gel can offer during compression in the instrument or inside the mouth. A very low value is associated with soggy mouth feel while an extremely high value means difficulty in biting, fracturing and/or chewing. This is also true for the compression energy which indicates the amount of energy to be spent while eating by repeated biting, compression and fracturing. The fracture strain is an indicator of the brittleness and a low value means a ductile material. Being rich in starch, gel formation from FM flour is expected to occur mainly due to swelling, hydration of starch granules and gelatinization and affects the amorphous region of starches. The strength of the formed gel depends on intragranular binding forces within swollen starch granules following treatments such as heat, moisture and annealing, structural reordering, and realignment of amylose and amylopectin (Adebowale et al. 2005 ).
Effect of hydrocolloids
The effect of gellan (0.1-0.5 %) on different textural attributes is shown in Fig. 2a . An increase in the concentration of FM and/or gellan increases peak stress and compression energy indicating the development of tough products. The change of coil-to-helix or disordered to ordered transition of gellan gum during heating in aqueous system has been observed by Godard et al. (1980) . During the gelation of foxtail millet (FM) flour, the starch present in it has a prominent role while the hydrocolloids can reinforce the gels in terms of structural integrity and increased hardness. Sworn (2004) has also observed that the use of deacylated gellan gum improves the storage stability in puddings.
The fracture strain of these gels is also high (>40 %) meaning that these gels do not get easily fractured when compressing in the instrument or inside the mouth; these gels show a delayed fracture at a high compressive strain. Hence, the role of gellan is not advantageous in developing acceptable FM gels. It may be mentioned here that a low fracture strain means a brittle product while a high value indicate a difficult to break situation. However, the extent of soft/hard is dictated by the fracture force/stress and peak stress. In the case of gelatin (0.1-0.5 %) added gels (Fig. 2b ), compression energy decreases markedly when gelatin is added. The fracture strain for 10 % FM samples are low (<30 %) with gelatin at 0.1 and 0.3 % levels, indicating the formation of a desirable brittle gel under these conditions. An increase in xanthan concentration increases peak stress of gels (Fig. 2c) resulting in the formation of tough gels. In the case of the existence of a favourable interaction between the chains of two polymers (starch and hydrocolloid) connected together by intermolecular binding or two different polymers, they interact by mutual entanglements leading to an increase in the structural integrity (Sikora et al. 2008) , and thus the hardness/ compression energy of the gelled product increases. Marfil et al. (2012) have indicated that the introduction of gelatin and acid modified corn starch causes an increase in hardness and opacity in gummy gel preparation. Djabourov et al. (1985) have observed that during quenching and isothermal annealing of gelatin and water, gelatin chains undergo a conformational coil helix transition, and creates a network structure which makes the system to change from a purely viscous liquid or sol to an almost purely elastic solid or gel. The fracture strain of these gels is also high (>40 %) indicating the unsuitability of xanthan in developing acceptable gels. These samples appear to be a non-brittle gel. The presence of corn starch increases the peak stress and compression energy (Fig. 2d) as corn starch addition causes tougher gel; an increase in starch content can enhance the level of gelatinisation to offer a harder gel. The fracture strain behaves in a different manner; at 10 % FM concentration, the fracture strain reduces to as low as 25 % indicating that addition of corn starch results in gels that are tougher but brittle in nature.
Agar does not give any clear trend with respect to peak stress and compression energy (Fig. 2e) . This phenomenon may be attributed to the structure of the formed gel network which in turn depends on the characteristics of the hydrocolloid undergoing sol-gel transition. However, the fracture strain increases due to the presence of agar meaning the creation of a non-brittle/ tough gel. A high magnitude of fracture strain of more than 45 % in most of the agar-FM gels make agar added gel samples unsuitable as they do not break easily.
Effect of cation
The effect of using cations like NaCl, CaCl 2 and FeSO 4 on FM gels shows that NaCl up to 2 % level decreases the compression energy (Fig. 3a) . It is possible that salt induces the solubilization of salt soluble proteins such that these proteins form a part of the sol and participate in the gelling process. However, the formed gels are softer while the fracture strain of these gels is above 40 % indicating the development of less brittle samples. It is possible that a monovalent cation like NaCl has less binding effect on gel formation.
The use of calcium chloride increases the peak stress and compression energy while the fracture strain is marginally affected (Fig. 3b) . The fracture strain of samples increases with FM concentration and the values are more than 40 %. This means that the use of CaCl 2 improves the integrity of the samples in addition to increasing the toughness. Tang et al. (1996) have reported an increase in gellan gel strength with an increase in cation concentration up to a certain level. Gel strength of gellan-gelatin mixed gels increases with an increase in calcium ion concentration (Lai et al. 2000) . The addition of FeSO 4 markedly increases the peak stress and compression energy (Fig. 3c) ; the fracture strain is marginally affected. The addition of 0.1 % FeSO 4 , FM at 10 % solid concentration forms gels with decreased fracture strain values (~30 %). It indicates that a low level of FeSO 4 is suitable for developing a brittle gel which is also nutritious due to the addition of divalent iron.
Syneresis
The release of water during post-gelling phase reflects the phenomenon of syneresis, and is an undesirable feature or attribute in gels. Tables 1 and 2 show the syneresis values of gels prepared with additives like different hydrocolloids and cations, respectively. An increase in FM and hydrocolloid concentrations decreases syneresis (Table 1) . Sutherland (2007) has reported that hydrocolloids which are used for thickening, gelling or dispersing emulsions reduces syneresis by increasing the water retention in the system. The low values of syneresis (less than 0.25 %) are associated with FM gels in combination with 0.5 % gelatin, or 1.5 % corn starch, or with 0.015 to 0.020 % agar. Agar incorporated gels has the least syneresis compared to corn starch, xanthan, gelatin and gellan samples meaning that agar improves the shelf-stability of the gel and prevents nutrient loss in a better way than other hydrocolloids used in the present investigation.
The cations have a lesser effect on syneresis compared to hydrocolloids (Table 2) . Among the cations used here, NaCl at a level of 0.5 to 2.0 % can bring down syneresis to less than 0.1 %. Other cations like CaCl 2 and FeSO 4 do not offer any significant effect on syneresis. Tables 1 and 2 show the sensory attributes of the FM gels prepared with hydrocolloids and cations, respectively. An increase in FM concentration decreases the time of gelling and stickiness; an increase in FM concentration obviously increases the availability of more quantity of starch so that water gets enough solid in the vicinity to form the gel faster, and possibly denser. Hence, hardness, cohesiveness and springiness increase for gels made with the hydrocolloids used in the present study (Table 1) .
Sensory assessment
Gel made with 11 % FM without any additive is acceptable in terms of sensory perceptions. The gels having 0.2 % CaCl 2 or 0.1 % FeSO 4 with 10 % concentration of FM can develop acceptable gels with the desirable structural integrity (Table 1) . Hydrocolloids also possess a good binding property at the appropriate concentrations; 0.2 % xanthan or 0.3 % gellan or 0.5 % corn starch along with 10 % FM concentration can offer acceptable gels with respect of sensory acceptability ( Table 2) .
The trend of gel forming ability of various hydrocolloids is in the order of gellan>gelatin>xanthan>corn starch>agar according to sensory assessment. The addition of cations (mainly FeSO 4 and CaCl 2 ) and hydrocolloids at different concentrations result in an improvement in gel formation with reference to structural integrity of the gel. Gellan shows a higher increase in gelation than other hydrocolloid used in the present study. The addition of agar shows the least ability in gel formation among these hydrocolloids. Harding et al. (2011) have reported that calcium salts such as calcium sulphate, calcium chloride and calcium citrate try to form crosslink in gels, and thus the textural attributes are improved.
Interrelationship
The principal component analysis (PCA) is a statistical representation to show the interrelation among the variables and the indices (both subjective and objective), and their nature as individual groups. PCA plots have been obtained separately for gels with added hydrocolloids and cations (Figs. 4 and 5) . The principal components account for a total variation of 97.2 % and 93.4 % for FM gels with added hydrocolloids and cations, respectively. The PCA plot of FM gels with added hydrocolloids having sensory and instrumental textural data shows that stickiness and gelling time are closely related being in the same quadrant (Fig. 4) . The addition of agar, gelatin and xanthan along with no hydrocolloid added gels are close to each other in PC1 against PC2 plot. Springiness, cohesiveness, FM concentration and hardness of hydrocolloid added gels lie in same quadrant and are closely related. An increase in FM concentration increases the starch content to undergo gelatinisation to finally yield a gel with improved cohesion characteristics in addition to developing the solid or elastic characeristics. The addition of gellan and corn starch at different concentrations along with instrumental textural indices (fracture strain, peak stress and compression energy) are close to each other are situated in nearby locations. These scores are interrelated with overall score which is in the opposite quadrant. It means that an increase in these textural parameters decreases the overall acceptability of the formed gels. Compression energy, cohesiveness, springiness, FM concentration and hardness are close to each other in the first quadrant, which means that an increase in concentration increases instrumental and sensory attributes (Fig. 4) . These indices are interrelated with overall score which is in the opposite quadrant. The effect of addition of cation on gel formation has a close relationship with peak stress and syneresis as they lie in the same quadrant (Fig. 5) . It means that an increase in these textural indices decreases the overall acceptability of the formed gels. Table 3 shows the desirability index of the additive containing FM gels. For achieving the best acceptable gel gellan at 0.3 % concentration or cornstarch at 1.0 % concentration offers the best choice. However, sodium chloride at 1.2 % level or calcium chloride at the 0.3 % level or ferrous sulfate at the 0.3 % level can also provide excellent values for desirability index of 0.916, 0.910 and 0.900, respectively.
The common hydrocolloids like gellan gum, agar and gelatin can exhibit a coil-to-helix, or disordered to ordered transition upon cooling or gel formation (Godard et al. 1980) . During the gelation of foxtail millet (FM) flour, the starch present in it has a prominent role while the three hydrocolloids can reinforce the gels in terms of structural integrity and reduced syneresis. The divalent cations are more effective in improving the gel strength in hydrocolloids than the monovalent cations (Chandrasekaran et al. 1988; Sanderson 1990; Tang et al. 1996) . A minimum of 11 % FM flour is required for gel formation from foxtail millet flour without using any additive. However, at a lesser concentration of 10 %, the addition of some hydrocolloids has improved the structural integrity. This may be possible when a favourable interaction exists between the chains of two polymers connected together by intermolecular binding (Banerjee and Bhattacharya 2012) or two different polymers interact by mutual entanglements (Sikora et al. 2008 ). Many hydrocolloids, being hydrophilic in nature, improve the gel network formation which has also been noticed during the FM gel formation in the present investigation as being supported by improved sensory attributes and reduced syneresis values. Deacylated gellan gum has been reported to improve moisture retention, flavour release and storage stability in puddings and to reduce syneresis (Sworn 2004) . Tang et al. (1996) have studied the effect of monovalent and divalent cations on gellan gels at a low concentration of cations, and have reported an increase in gel strength with an increase in cation concentration. Calcium added gellan gels have been reported to be tougher than magnesium added gels at the optimum concentration of the ions. Lai et al. (2000) have studied the effect of calcium ions on the gel strength of gellan-gelatin mixed gels. An increase in calcium ion concentration improves hardness of these gels up to a certain level of calcium ions. There has been a reduction in hardness after crossing the critical limit of calcium ion concentration in these gels. At low concentrations of calcium ions, the brittleness, springiness and cohesiveness of the gels are less sensitive. Higher concentration of calcium ions results in increased brittleness, and less cohesiveness and springiness. In the present study, the effect of FeSO 4 and CaCl 2 is more pronounced than NaCl on FM gels. The results also emphasis that divalent cations have more effect on gel formation compared to monovalent ion. The cations like NaCl, CaCl 2 and FeSO 4 , and hydrocolloids such as agar, gelatin, gellan, corn starch and xanthan can improve the binding/cohesive characteristics of the formed gel. Thus, they reduce syneresis which in turn also decreases the loss of nutrients which is an advantageous feature for food gels. Hydrocolloids which are used for thickening, gelling, dispersing and stabilizing emulsions are reported to reduce syneresis by increasing the water retention in the system (Sutherland 2007) . Marfil et al. (2012) have prepared gummy gels with gelatin and acid modified corn starch (AMCS), and have indicated that the introduction of AMCS in gelatin causes an increase in hardness and opacity, and a decrease in stringiness and adhesiveness.
Conclusions
Foxtail millet, being rich in starch (about 76 %) facilitated gel formation. The addition of cations and hydrocolloids improve the integrity and decreases syneresis. Acceptable soft gels with high sensory overall score (more than 8.0) were formed with 11 % foxtail millet concentration. The use of additives at suitable concentrations (such as 0.3 % gellan or 0.3 % gelatin or 1 % corn starch or 0.3 % CaCl 2 or 0.2 % FeSO 4 ) further improved the textural and sensory attributes. Thus, micronutrient enriched millet gels can be formulated using the under-utilized grain like foxtail millet to offer a health promoting convenience food. Compression energy, cohesiveness, springiness, FM concentration and hardness showed close interrelationships. The effect of cation on gel formation has a close relationship with peak stress and syneresis. Stickiness and gelling time of FM gels are closely related with added hydrocolloid gels having sensory and instrumental textural data.
